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INTRODUCTION 
To sustain an adequate level of performance when carrying out a task, such as driving, 
individuals adopt what is known as a task set (1, 2, 3). Adopting a task set involves selecting and 
activating appropriate task components, as well as the ability to maintain attention on the task, 
monitor the environment for task-relevant information (i.e., remain vigilant) and being prepared 
to switch tasks if needed. Performance thus involves both passive and active processes, the latter 
incorporating an element of anticipation and prediction (e.g., 4), including strategic adjustments 
(5). Optimal performance in a driving context draws on all these factors and, importantly, 
demands that the driver be prepared to respond to events that might occur in the periphery. These 
can be predicted events (e.g, a car moving onto the road) or unexpected ones (e.g., a kangaroo 
bounding onto the road).  
An individual’s performance when executing a task is much affected by fatigue and 
associated reductions in vigilance. It is commonly assumed that fatigue – particularly in the 
driving domain- results from prolonged task performance, typically in a highly monotonous 
context (e.g., 6, 7). In the Australian context driver fatigue is believed to contribute about 20-
30% to all road crashes and to be the root cause of 30% of crashes in rural areas (8). However, 
there is problematic relationship between fatigue, vigilance, and monotony, not least because the 
concepts are often confounded in the literature.  
Webster's dictionary defines fatigue as “the temporary loss of power to respond induced 
in a sensory receptor or motor end organ by continued stimulation”. Fatigue is a broad term 
reflecting both physiological and psychological states. It is characterized by decreases in 
memory ability, reaction time, information processing, decision making and vigilance (9). 
Decrements in vigilance are often seen as the inevitable consequence of fatigue (10). Being 
vigilant is defined as to keep watch, stay awake, maintain attention or remain alert (11). On the 
one hand vigilance is a state of the nervous system presumed to mediate performance (12) while 
on the other it is the ability to maintain the focus of awareness and to sustain attention for 
prolonged periods of time (13, 14). The capacity to detect unforeseeable external cues is reduced 
when the level of vigilance is low (hypovigilance).  
Monotony is defined as “tedious sameness” and has associated it with phenomena such as 
“boredom, ennui, dryness, flatness or uniformity”. This definition reflects a focus on the task 
environment, which in driving research is often operationalized by prolonged driving in highly 
repetitive or constant road environments (e.g. 6, 15). The fatigue response associated with 
performing under such conditions is inexorably linked with increases in drowsiness and 
decreases in vigilance (e.g., 16, 17, 18). Wertheim (19) argues that a monotonous context is thus 
because of the relative absence (in quantity and task relevance) of alerting stimuli. Importantly, 
he views the predictability inherent in a task as critical in determining whether a high state of 
alertness is maintained.  
Although there is now much research concerned with endogenous factors contributing to 
fatigue, such as sleep deprivation or circadian rhythms (20), there is comparatively little research 
concerned with the effect of exogenous factors, such as monotony of task or environment on 
vigilance, independent of fatigue. Importantly, it is conceivable that vigilance decrements can 
occur on monotonous tasks without any associated fatigue. In one of the few studies to consider 
explicitly the effect of context monotony on performance (6) a tendency was observed, although 
not significant, for steering performance to be poorer in the monotonous driving context. 
Decrements in performance occurred in both settings about 20 minutes into the task. Consistent 
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with this observation, factors other than fatigue are thought to bring about decreases in vigilance 
(10). One such factor might be task or environmental monotony, often confounded with time on 
task (e.g., 21, but see also 5). Also, vigilance transition states in monotonous contexts might 
differ from fatigue transitions such as sleep-deprivation transition states. One can be bored or 
experience highway hypnosis symptoms without being fatigued (19). Accordingly, for the 
purposes of this paper monotony refers to two distinct states:  
1. The exogeneous state, as a consequence of which the individual might respond 
differently. Monotonous, repetitive, low demanding or highly predictable tasks that 
require sustained attention for a long period of time are examples of exogeneous 
conditions. 
2. The endogenous state, referring to physiological and psychological state of an individual. 
An example of this would be a state of being bored or not alert. Note that this state could 
be highly correlated with hypovigilance. 
Monotony is a complex phenomenon which results from the combined influence of 
exogenous and endogenous factors. The simulation of a monotonous task/environment can 
induce fatigue which, in turn, contributes to vigilance decline or hypovigilance (6, 10, 15, 17, 
22). Monotony is conceptually distinct from fatigue and, whilst it may interact with drowsiness 
and sleep deprivation, has different implications for interventions. Monotonous tasks require 
sustained vigilance, are highly automated, repetitive and predictable, create a lack of interest, and 
provide insufficient sensory stimulation (e.g., driving on a long straight highway) (19). These 
factors have complex interactions with each other. For example, the assessment of insufficient 
sensory stimulation depends on the level of task motivation, individual personality traits, 
boredom and habituation.  
The often automatic nature of monotonous tasks has implications for the amount of attention 
that is recruited and the kind of errors that occur. The execution of automatic behavioral 
responses, triggered by the appropriate environmental cues, can be distinguished from behavior 
that is experienced as effortful and requiring control (23, 24, 25). In Norman and Shallice’s 
framework of controlled and automatic behaviour (24), routine responses are encoded as 
schemas, whose relative levels of activation determine whether or not they are selected for 
response. The strength of activation of a given schema is determined by the degree to which it is 
associated with a behavior and the extent to which it is cued by environment. Controlled 
behavior requires the execution of responses that are not well-practiced or routine. Such 
responses are enabled by a Supervisory Attentional System that modulates and constructs novel 
responses, and de-selects schemas that were inappropriately triggered. Wertheim (19) argued that 
driving behavior becomes automatic and less effortful, thus relying more on internal processes 
and feedback, making it more difficult to marshal the resources required to sustain attention.  
Others explain decrements in vigilance either in terms of resource availability or arousal levels. 
Proponents of the resource availability view argue that increased task demands, such as found in 
non-monotonous contexts, results in reduced resource availability and thus poorer performance 
(12, 26). Advocates of the arousal view argue that higher task demands increase arousal levels, 
resulting in improved performance (e.g., 14).  
The frequency and the social cost of crashes and injury resulting from monotonous contexts 
in rural roads and the workplace (e.g., mining) is increasing. However, to our knowledge, there is 
no clear agreement on the model of monotony (causes, symptoms, and detection) and the 
implications for driving and workplace safety. This paper investigates how exogenous factors 
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affect vigilance fluctuation. In particular, we ask the question whether context monotony can 
result in hypovigilance without any concomitant increase in fatigue.  
The main approach to this question lies in the exploration of context monotony independent 
from fatigue. One paradigm lent itself beautifully to our objectives, namely the Sustained 
Attention to Response Task (SART) (27), in which – contrary to commonly used vigilance tasks 
where participants respond to infrequent targets (e.g., 28) – responses are continual, fast and 
repetitive but every so often (unpredictably) a response to a predetermined, relatively infrequent 
stimulus has to be withheld. In a driving context this withholding of a response can be likened to 
a braking response to an external event. In the traditional SART the probability of such an event 
is 0.11 (1 in 9 stimulus presentations). This task is highly sensitive not only to frontal lobe injury 
(characterized by deficits in sustained attention and task control; cf. 25) (27) but also specifically 
to lapses of sustained attention such as might occur in monotonous contexts. The task was found 
not to be sensitive to any other forms of attention. To successfully execute this task, mindless 
automatic responses suffice for the most part. However, correctly withholding responses on a 
relatively small number of trials requires that the individual remains sufficiently engaged with 
the task, and sensitive to the responses given, that an alternative response mode can be engaged, 
effectively consisting not pressing the key when the overriding tendency is to press it. In a 
further investigation of the SART (29), it was found that increasing the target frequency 
improved performance and, more importantly, reduced differences in performance between 
individuals who scored high versus those who scored low on self-reported every day 
absentmindedness (using the Cognitive Failures Questionnaire; 30), strongly suggesting that 
what is critical for performance on this type of task is the ability to maintain attention 
endogenously. 
Thus the SART has the advantage that it targets one critical component, namely sustained 
attention, of which a deficit is often associated with a concomitant deficit in task performance. In 
addition the SART is sensitive also to self-reported lapses of attention. These can be of a similar 
nature as the experiences described in the driving without attention mode (DWAM) (31), 
particularly failures to recall specific events. The SART has the further advantages that it only 
takes 4 min and 30 s to complete, and lends itself easily to manipulations that reduce its 
monotonous character. Consequently it is a task that merits further investigation as a potential 
tool to investigate individual sensitivity to hypovigilance as it results from task monotony, 
independent of fatigue. 
 Throughout the preceding discussion reference has been made to the driving environment, 
including the sudden appearance of a kangaroo on the road (admittedly not quite as unexpected 
in Australia as it would be anywhere else). The example serves to illustrate the fact that the 
driver carries out a central task whilst needing to attend to any number of peripheral tasks. Of 
particular interest are those tasks that involve corrective and/or evasive action. For example, the 
peripheral detection task (PDT) has been used to assess changes in the demands imposed by the 
driving task (e.g., 32; van Winsum et al., 1999, as cited in 33). The PDT involves manual 
responses to visual stimuli presented 5°-25° left of the driver’s normal gaze direction (in a right-
hand drive vehicle). The stimuli are presented at varying intervals (up to 6 s) for 1-2 s each. The 
PDT has been found to be sensitive to changes in task demands, with increased response times 
(RTs) and higher error rates when the task became more demanding (e.g., Martens & van 
Winsum, 2000, as cited in 33). Changes in task demand in these studies tend to include increases 
in road obstacles and different driving situations (such as making turns). Using a different 
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peripheral task involving the naming of numerals presented for 750 s each, the driver’s ability to 
detect the numerals was found to be similarly affected by task demand (34).  
Thus performance on a peripheral task is affected by the demands of the central task. 
Conversely, performance on the central task could be affected by the nature of the peripheral 
task. In particular, performance on the central task could be slower and more error-prone (35), 
because of the need to keep in mind two different tasks and having to switch between them (for a 
recent review on task switching, see 3). Matthews and Davies (28) used a visual digit detection 
task as the central task, with the probability of the target digit appearing set at 0.25. The central 
task varied in task demand by degrading the stimuli and was combined with either a visual or 
auditory secondary task. The auditory task consisted of the detection of a 200 ms tone, while the 
visual task involved responding to a square (also presented for 200 ms) that appeared subsequent 
to and in the same position as a digit. The study focused on individual differences in energetic 
arousal but here we are concerned with the results as they pertain to differences relating to 
central task demand and the effect of the peripheral task. Importantly, when the central task 
demands were higher (degraded stimuli) RTs were slower and increased more dramatically with 
time on task than RTs in the lower task demand context. Furthermore, attending and responding 
to a peripheral auditory as opposed to a visual task impacted more negatively on performance. 
When considering performance on the peripheral tasks as a function of central task demands, 
with in an increase in time on task slower RTs were found in the degraded stimulus context 
while RTs decreased in the less degraded stimulus context. 
The present study adapted the SART (similar to the modification used in 29) in order to 
create two task contexts and thus operationalise monotony. The two contexts are distinguished 
by the probability of occurrence of the target stimulus (low in the monotonous context and high 
in the non-monotonous context). A distinction is made between task context, as created by 
changes in target probability, and central task, by which is meant responding quickly and 
accurately to all numerals but withholding responses to the target numeral. It was important to 
establish that the frequency manipulation would result in behavioral differences. Therefore the 
vigilance task was evaluated in isolation first, and only then combined with peripheral stimuli 
that were either irrelevant to the central task (i.e., present but not requiring response) or relevant 
(i.e., requiring a response: the dual task condition). Because relevant stimuli in the driving 
environment are often visual and auditory stimuli have been found to be disruptive (see e.g., 28), 
visual stimuli were chosen for the peripheral task. It was predicted that performance on the non-
monotonous task would be characterized by slower RTs, while the monotonous task would be 
characterized by faster RTs and more errors. It was predicted also that the co-occurrence of a 
peripheral task (i.e., the dual task mode) would impact negatively on performance, particularly in 
the non-monotonous context. Furthermore, task context (i.e., task monotony) would affect 
performance on the peripheral task, with an increase in RTs when the central task was more 
highly demanding.  
 
 




 Fifty university students, of whom 15 were male and 35 female (mean age = 23, SD = 
8.2), volunteered to take part in the study. All participants were paid AUS$10 for their 
participation and those who were first year psychology students also received course credit for 
their participation.  
Design 
 Two factors were manipulated in the present study, namely the level of monontony 
inherent in the task context (monotonous versus non-monotonous) and type of peripheral 
stimulus (circles absent, irrelevant, or requiring response (dual task)).  Peripheral stimuli 
consisted black circles that sometimes changed color (to red: critical stimulus). Task context 
monotony was operationalised by varying target probability in the adaptation of the SART (27) 
to create a monotonous and a non-monotonous context. Accordingly the monotonous task 
context was characterized by a target probability of 0.11. That is, the target numeral to which 
responses were to be withheld occurred randomly on only 1/9 of the trials. By contrast the non-
monotonous task context was characterized by a much higher target probability of 0.5.  The 
effect of task context on performance was evaluated also by measuring its effect on responses to 
peripheral targets (Circle Respond (dual task)), while performance independent of the presence 
of peripheral stimuli was measured in the Circle Absent condition. Reaction times (RTs) were 
recorded for key press responses both to the numerals in the monotonous and non-monotonous 
task context and to the critical stimulus in the peripheral task (Circle Respond). RTs were 
measured from stimulus onset to key press response. Errors were measured also, on both the 
central and the peripheral task. Of main interest in the central sustained attention task were 
failures to withhold responses to the to-be-ignored numeral ‘3’ (commission errors) and 
incorrectly withheld responses on regular trials (omission errors). Of main interest in the 
peripheral task were failures to detect the red circle (omission errors) and incorrect signaling of 
its presence (commission errors). Median RTs were calculated for each condition. Mean of 
median RTs and errors were subjected to further analyses.  
Materials 
  Central Task. A computerized adaptation of the SART (27) was implemented as the 
central task and run on an IBM compatible computer using E-Prime (36).  The monotonous 
context was produced by using the classic SART. Here numerals ranging from 1-9 are presented 
singly and randomly, and each numeral is presented a total of 25 times. This results in a target 
probability (the occurrence of the numeral ‘3’) of 0.11. The non-monotonous task context was 
created by increasing target probability to 0.50 (cf. Manly et al., 1999), resulting in 112 
occurrences of the target numeral. In both contexts numerals ranged in height from 12-29 mm, 
with randomly changing font size (48 point, 72 point, 94 point, 100 points and 120 point). 
Numerals were presented for 250 ms, with a stimulus onset asynchrony (SOA) of 1150 ms, and 
masked on offset. The mask ranged in height between 12-29 mm and consisted of an ‘X’. Both 
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the numerals and the mask were black against a white background. The central task consisted of 
the withholding of key press responses to the target numeral.  
Peripheral Stimulus. The peripheral stimulus consisted of a black circle (12 mm in 
diameter) that moved clockwise along the edge of the computer screen. The circle appeared for 
250 ms, in 16 equidistant positions consecutively. Its appearance coincided with the numerals’ 
mask. At random intervals the circle changed color, from black to red. The probability of the 
critical stimulus, the red circle, was 0.11 and never coincided with the appearance of a target 
stimulus (the numeral ‘3’). 
Questionnaires.  A general background questionnaire was administered to assess 
various factors that could impact on the participants’ performance (such as quality of sleep and 
caffeine consumption). A number of personality questionnaires were administered also on 
completion of the experiment. However, they are not the focus of the present study. A 7-point 
Likert scale was used to measure participants’ alertness level throughout the experiment. 
Experimental conditions 
  Six experimental conditions were created through the combination of task context 
(monotonous versus non-monotonous) with (1) the absence of the peripheral stimulus (Circle 
Absent), (2) the presence of the peripheral stimulus to which no responses were required (Circle 
Irrelevant), and (3) the presence of the peripheral stimulus, with response required to every 
occurrence of a red circle, the critical stimulus (Circle Respond). Thus in the Monotonous/Circle 
Respond and the Non-monotonous/Circle Respond conditions participants were required not 
only to carry out the central task of withholding responses to the target numeral but also to detect 
critical stimuli (red circles) in the periphery. Each condition took 4 min 30 s to run.   
Procedure 
 Participants were tested individually in a quiet room. Testing always occurred between 1-
4pm. Each participant was randomly allocated to one of two orders of presentation. Each order 
of presentation consisted of all 6 experimental conditions in a semi-random sequence, with the 
following constraint: The Monotonous/Circle Absent and the Non-monotonous/Circle Absent 
conditions were always presented first. The remaining four conditions were counterbalanced 
such that half the participants carried out the Circle Respond (dual task) conditions first, 
followed by the Circle Irrelevant conditions. In each case the Monotonous task context was 
presented first. The other half of the participants carried out the Circle Irrelevant conditions first, 
followed by the Circle Respond conditions. In each case the Non-Monotonous task condition 
was presented first. 
Participants were instructed about the nature of the two tasks that they would be asked to 
carry out. Prior to each experimental condition instructions appeared on the computer screen, 
followed by 10 practice trials. These could be repeated twice if necessary but no participants did 
so. Participants were asked to respond as quickly and accurately as they could to the numerals 
presented during the central task by pressing the spacebar with their dominant hand. Whenever 
the numeral ‘3’ appeared they were asked to withhold their response. In the Circle Respond (dual 
task) conditions participants were asked to press the alt key with their non-dominant hand. Prior 
to the first condition and following the completion of each condition, participants rated their 
subjective level of alertness. The experiment took about 35 minutes to complete and was 
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A number of dependent measures were collected separately for performance on the 
central task (as affected also by dual task demands) and the dual task (Circle Respond; as 
affected also by task context). Recall that the central task consisted of withholding responses to 
the target numeral ‘3’ while responding rapidly and accurately to all other numerals presented. In 
addition, the probability of occurrence of the target numeral was manipulated to yield a 
monotonous context (low target probability) and a non-monotonous context (high target 
probability), and the central task was carried out in isolation (Circle Absent) or with a peripheral 
stimulus present (Circle Irrelevant and Circle Respond). The orthogonal combination of context 
and peripheral stimuli resulted in 6 experimental conditions. Note that the Circle Respond 
manipulation made up the dual task requirement.  
To evaluate the effect of context and peripheral stimuli on central task performance, 
response times (RTs) associated with key press responses to all numerals (but ‘3’) were collected 
separately for each of the 6 conditions. Median RTs were calculated for each participant for each 
condition and subjected to repeated measures Analysis of variance (ANOVA). Errors on the 
central task were also measured, and consisted of commission errors (failures to withhold 
responses to the target numeral ‘3’) and false alarms (wrongly withholding responses to non-
target numerals). To evaluate the effect of the dual task requirement (responding to the critical 
stimulus in the periphery) RTs associated with stimulus detection were collected and analysed. 
Errors were collected here also and consisted of errors of omission (failures to detect) and false 
alarms. All analyses were first carried out with Order of Presentation of conditions as the group 
variable. None of the analyses showed any effect of this variable and, consequently, all analyses 
presented here were collapsed across it. Unless otherwise indicated, all planned pairwise 
comparisons were carried out using Bonferroni corrections (at α =.05). 
The effect of task context 
Response times on the central task. Mean of median RTs associated with key press 
responses to all numerals (except the target numeral) on the central task, as a function of task 
context (monotonous versus non-monotonous) are shown in Figure 1. It can be seen that 
responses on the central task were measurably faster overall in the monotonous context than they 
were in the non-monotonous context. There is also a suggestion that, for the monotonous context 
at least, the type of peripheral stimuli (absent, irrelevant, or requiring response) had a measurable 
effect. Responses appeared to be much faster when there were no peripheral stimuli present 
(Circle Absent) and slowest in the dual task setting when peripheral stimuli had to be responded 
to (Circle Respond). In contrast, the impact of a peripheral stimulus was not as marked in the 
non-monotonous context, with no observable difference found between the requirement to 
respond – or not - to a peripheral stimulus.  
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Figure 1. Mean of median response times (RTs) in ms, plotted separately with respect to context 
(monotonous versus non-monotonous) and type of peripheral stimulus (Circle Absent, Circle 
Irrelevant, and Circle Respond).  
 
 
The mean of median RTs for the central task were subjected to a repeated measures 
ANOVA (Context (2) X Peripheral Stimulus (3)) that bore out these observations. There was a 
significant Context main effect (F(1, 49) = 77.24, Wilk’s λ = .388, p < .001), as well as a 
significant main effect for Peripheral Task (F(2, 48) = 6.6, Wilk’s λ = .784, p <.005). These main 
effects have to be interpreted in light of a significant Context X Peripheral Stimulus interaction 
(F(2, 48) = 3.17. Wilk’s λ = .883, p < .05).  
 Planned comparisons confirmed that, for each manipulation of peripheral stimulus (Circle 
Absent, Irrelevant, or Respond), responses to the numerals were significantly faster in the 
monotonous context. When considering the effect of the peripheral stimulus separately for each 
context (monotonous and non-monotonous) no significant differences in RTs were found in the 
non-monotonous context. This suggests that when the central task is sufficiently demanding (i.e., 
non-monotonous), increasing the overall task demands further by adding a second task does not 
noticeably affect performance.  
However, when considering the effect of additional task demands on performance in the 
monotonous context (recall that here RTs were measurably faster than those in the non-
monotonous context), responses to numerals were significantly faster (by 35 ms) when there 
were no stimuli in the periphery (Circle Absent) as compared to the dual task (Circle Respond) 
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condition. No differences in RTs between the Circle Absent and Circle Irrelevant conditions 
were found, suggesting that the mere presence of peripheral stimuli had no detrimental effect on 
central task performance. While there appeared to be a trend towards faster responses in the 
Circle Irrelevant versus the Circle Response condition, no measurable differences in RT were 
found. 
Commission errors on the central task: Failing to withhold responses. The 
RT findings need to be considered jointly with the error data. Faster RTs in the monotonous 
context could well represent a speed-accuracy trade off, resulting in more failures to withhold 
responses to the target numeral. Consistent with this supposition it can be seen from Table 2 that 
more errors occurred in the monotonous context. Note that the error percentages are small, and 
the highest error rate was just over 0.5%.  
 
Table 2. Mean percentage of commission errors (failures to withhold responses to the target 
numeral ‘3’) and false alarms (incorrectly withholding responses) on the central task, with 
standard error (SE) in parentheses, across the monotonous and non-monotonous contexts and 
indicated according to the type of peripheral stimulus (Circle Absent, Circle Irrelevant, Circle 
Respond). 
 
Context Peripheral Stimulus - Circle
Mean %  
commission error rate 
(SE) 
Mean %  
false alarms  
(SE) 
Monotonous          Absent .443  (.033) .008  (.002) 
          Irrelevant .389  (.030) .022  (.005) 
          Respond .535  (.031) .024  (.002) 
Non-monotonous          Absent .135  (.016) .026  (.009) 
          Irrelevant .121  (.016) .034  (.010) 
          Respond .176  (.020) .030  (.008) 
 
 
A repeated measures ANOVA (Context (2) X Peripheral Stimulus (3)) on commission 
errors revealed significant main effects for both Context (F(1, 49) = 348.99, Wilk’s λ = .123, p < 
.001) and Peripheral Task (F(2, 48) = 23.16, Wilk’s λ = .488, p < .001) were found, as well as a 
significant Context X Peripheral Stimulus interaction (F(2, 48) = 7.53, Wilk’s λ = .761, p < 
.002). 
 Planned comparisons revealed that there were significantly more errors made in the 
monotonous context than the non-monotonous context, irrespective of the type of peripheral 
stimulus and associated task. Although in the monotonous context overall faster RTs were found 
when no peripheral stimuli were present (Circle Absent), significantly fewer commission errors 
were made in the Circle Absent compared to the Circle Respond condition (a difference of 
.255%). This pattern of results argues against a speed-accuracy trade-off. In addition there were 
comparatively (and significantly) fewer errors in the Circle Irrelevant than in the Circle Respond 
condition. No differences in error rates were found between the Circle Absent and Circle 
Irrelevant conditions. The same error pattern was observed in the non-monotonous context.  
False alarms on the central task: Incorrectly withholding responses. There 
were a number of instances of participants incorrectly withholding responses to numerals other 
than the target numeral ‘3’. Table 2 shows that more errors were made in the non-monotonous 
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context and that there appear to be different error rates associated with type of peripheral 
stimulus. A repeated measures ANOVA (Context (2) X Peripheral Stimulus (3)) showed a 
significant main effect of Context (F(1, 49) = 5.31, Wilk’s λ = .902, p < .03), reflecting more 
false alarms in the non-monotonous context, as well as a significant main effect of Peripheral 
Stimulus (F(2, 48) = 4.63, Wilk’s λ = .838, p < .02). There was no interaction between the two 
factors (F(2, 48) = 1.278, Wilk’s λ = .949, ns). 
Planned comparisons revealed significantly more false alarms in the dual task condition 
(Circle Respond) than when no circle was present (Circle Absent). There were no significant 
differences in error rate between the Circle Respond and Circle Irrelevant condition or between 
the Circle Irrelevant and the Circle Absent condition. Although there was no significant 
interaction observed, we were interested to know whether the false alarm rates associated with 
different peripheral demands differed depending on context. No significant differences were 
found in false alarm rates for the non-monotonous context, while it was found that in the 
monotonous context significantly more errors occurred both in the Circle Irrelevant condition 
and in the dual task setting (Circle Respond) than when there were no circles present (Circle 
Absent).  
The effect of peripheral stimuli 
Of critical importance was not merely an evaluation of performance on the central task 
(as affected by the level of monotony) but also an evaluation of the performance on the 
peripheral task as a function of task context (monotonous versus non-monotonous). Recall that 
response times were collected for critical stimuli (red circles) detected in the dual task Circle 
Respond condition. Participants performed this task both in the monotonous and in the non-
monotonous context. RTs to detected critical stimuli were significantly faster in the monotonous 
context (470 ms, SE = 8.00) than in the non-monotonous context (490 ms, SE = 7.19) (t(49)two-
tailed = 3.998, p < .001).  
Omission errors: Failing to spot the color change. The number of color changes 
that were not signaled was also counted. No significant differences were noted in the number of 
omission errors made in the monotonous and non-monotonous contexts (t(49) = 1.483, ns). 
There were no false alarms. 
Alertness ratings 
Participants completed alertness ratings both prior to the first condition and then on 
completion of each condition. There was a significant main effect for Alertness (F(6, 43) = 
13.70, Wilk’s λ = .343, p<.001), indicating a decrease in subjective alertness across the 




The manipulation of target probability successfully distinguished between the two task 
contexts with, as predicted, overall faster RTs associated with the monotonous context as well as 
a greater number of errors. It is important to note that this effect was obtained on tasks that took 
less than 5 minutes each to run, making this a useful tool to measure also individual 
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susceptibility to task monotony. For example, personality characteristics, such as extraversion 
and sensation seeking, have been found to be associated with reduced performance in a longer 
duration (40 min) monotonous driving context (15). In the present study these variables were 
measures also (thought not discussed) and the indications from preliminary analyses are that 
even with the much shorter dual vigilance task, a similar pattern was obtained. 
 The observation of faster responses on the central task in the monotonous context is 
consistent with resource theory (12, 26): Task demands are lower and hence more resources can 
be allocated to the central task. Furthermore, it is only in the monotonous context that there is 
any noticeable effect of having to attend and respond to peripheral stimuli. No RT differences 
relating to the dual task demand were found in the non-monotonous context. This suggests that 
when the central task is sufficiently demanding (i.e., non-monotonous), increasing the overall 
task demands further does not noticeable affect performance. It appears that a non-monotonous 
context encourages individuals to be more vigilant generally (i.e., more cautious, as inferred 
from the slower RTs), an effect which may cut across any additional task demands. 
Alternatively, the level of vigilance required for the non-monotonous context might be of an 
order that effectively obscures any effects that may be due to increased task demands. The non-
monotonous context could be compared to a context characterized by a high workload. In the 
driving domain high workload (as characterized by unfamiliar areas in which driving occurs) has 
been associated with poorer performance on a secondary visual task and it has been suggested 
also that there is a problem of circularity in evaluating the effect of context on a peripheral task 
when the need to respond to secondary stimuli also affect performance on the central task (34). 
The present study considered performance from both points of view, as is discussed below.  
The pattern of RTs and commission errors (failing to withhold responses) on the central 
task suggests that (1) performance in a monotonous context, when evaluated in terms of speed of 
response, is most efficient and more so when no other task potentially distracts. However, this 
apparent efficiency is bought at a price, because (2) many more errors are made during the 
execution of a monotonous task. However, fewer errors are made when no peripheral stimuli 
were present, consistent with the idea that more demanding settings, requiring a switch of task 
(from central to peripheral), some degree of supervisory control is required (cf. 23, 25). Further 
analyses should reveal whether (1) increases in speed of response just prior to an error (as was 
found by Robertson and colleagues; 27, 29) occur to the same extent in the absence of a 
secondary task and in a dual task setting and (2) speed of response is adversely affected 
subsequent to the detection of a critical peripheral stimulus.  
Performance in the non-monotonous context was characterized by a high rate of false 
alarms. This is similarly suggestive of impoverished executive control and consistent with the 
idea that in a non-monotonous context the participant might be operating in a state of heightened 
(perhaps even hyper-) vigilance, resulting in a high level of preparedness to respond. Consistent 
with this idea was the observation that the number of false alarms was similar, irrespective of the 
nature of peripheral stimuli (absent, irrelevant, or requiring response).  
When considering performance on the peripheral task, in the dual task setting, response 
latencies were faster in the monotonous context. Importantly, the number of critical targets in the 
periphery that evaded detection was virtually identical across the monotonous and non-
monotonous contexts. This pattern of results is consistent once again with the notion of resource 
availability and also indicates that, in a monotonous context, control over behavior can be 
exercised more efficiently.  
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Significant progress has been made recently in studying the effect of monotony.  
Research on monotony, however, is still in its infancy and there remain open questions. In 
particular, the distinction between a monotony state and fatigue state needs to be explored 
further. Our emphasis has been predominantly on the impact of monotonous conditions on 
vigilance in a laboratory setting. Other studies have explored this question in more realistic 
settings such as driving simulator (6, 15). For example, by recording steering wheel movements 
(6) showed that vigilance decrements are greater in monotonous compared to non-monotonous 
conditions. Although dual task settings were not explicitly distinguished from single task 
settings, nor reaction time and errors measured, their findings (6, 15) are consistent with ours.  
In conclusion, the results from the present study suggest that exogenous factors such as 
monotony of the task have a significant impact on vigilance decrements, and this can be 
observed within 5 minutes. Thus fatigue related factors, such as circadian rhythms, are not the 
sole factors to be considered in road safety interventions. Existing driver fatigue interventions, 
such as the “stop, revive, survive” campaign in Australia, or periodic rest breaks in the 
workplace, do not adequately address the safety threat of hypovigilance in monotonous contexts. 
It is important to realize also that decrements in performance such as seen in the dual vigilance 
task described here are small, and likely to occur on a very similar time scale outside controlled 
laboratory settings, where lapsing onto a hypovigilant automatic response mode can have 
catastrophic effects.  
Though the primary countermeasure for fatigue is rest, the countermeasure for monotony 
is monotony rupture, which is not necessarily best achieved through a rest break. This 
preliminary study is a step toward understanding the effects, symptoms, detections and 
preventions of monotony. It could potentially reduce crashes and injuries of high risk workers 
involved in monotonous repetitive tasks such as train drivers, miners, drivers (long haul, on a 




1. Allport, A., Styles, E. A., & Hsieh, S. (1994). Shifting intentional set: Exploring the dynamic 
control of tasks. In C. Umiltá and M. Moscovitch (Eds.), Attention and Performance XV: 
Conscious and nonconscious information processing. Hillsdale, NJ: Laurence Erlbaum. 
2. Meuter, R.F.I., & Allport, D.A. (1999). Bilingual language switching in naming: 
Asymmetrical costs in language selection. Journal of Memory and Language, 40, 25-40. 
3. Monsell, S. (2003). Task switching. Trends in Cognitive Sciences, 7(3), 134-140. 
4. Bainbridge, L. (1997). The change in concepts needed to account for human behavior in 
complex dynamic tasks. IEEE Transactions on Systems, Man, and Cybernetics – Part A: 
Systems and Humans, 27(3), 351-359. 
5. Van der Hulst, M. Rothengatter, T., & Meijman, Th. (1998). Strategic adaptations to lack of 
preview in driving. Transportation Research Part F: Traffic Psychology and Behaviour, 
1(1), 59-75. 
6. Thiffault, P. & Bergeron, J. (2003a). Monotony of road environment and driver fatigue: a 
simulator study. Acc. Anal.Prev., 849(2), 1-11. 
7. Nelson, T.M. (1997). Fatigue, mindset and ecology in the hazard dominant environment. 
Accident Anal. Prevention, 29, 409-415. 
 - 16 - 
 
8. Fell, D. (1995). The road to fatigue: Circumstances leading to fatigue accidents. In L. Hartley 
(Ed.), Fatigue and driving: Driving impairment, driver fatigue, and driving simulation (pp. 
97-105). London: Taylor & Francis. 
9. Stutts, J.C., Wilkins, J.W., & Vaughnn, B.V. (1999). Why do people have drowsy driving 
crashes: Input from drivers who just did. Technical report, AAA Foundation for Traffic 
Safety, University of North Carolina Highway Research Center - School of Medicine. 
10. Dinges, D. (1995). An overview of sleepiness and accidents. Journal of Sleep Research, 4:4-
14. 
11. Scerbo, M. W. (1998). Fifty years of vigilance research: Where are we now? In Proceedings 
of the Human Factors and Ergonomics Society 42nd Annual Meeting (pp. 1575–1576). Santa 
Monica, CA: Human Factors and Ergonomics Society. 
12. Parasuraman, R. (1986). Vigilance, monitoring, and search. In K. R. Boff, L. Kaufman, & J. 
P. Thomas (Eds.), Handbook of perception and human performance (Vol. 2, 43-1 to 43-39). 
New York: Wiley. 
13. See, J. E., Rowe, S. R., Warm, J. S. & Dember, W. N. (1995). Meta-analysis of the 
sensitivity decrement in vigilance. Psychological Bulletin, 117(2), 230-249. 
14. Ballard, J.C. (1996). Computerized assessment of sustained attention: A review of factors 
affecting vigilance performance. Journal of Clinical and Experimental Neuropsychology, 
18(6), 843-863. 
15. Thiffault, P. & Bergeron, J. (2003b). Fatigue and individual differences in monotonous 
simulated driving. Journal Personality and individual Differences, 34(2), 159-176. 
16. Campagne, A., Pebayle, T., & Muzet, A. (2004). Correlation between driving errors and 
vigilance level: influence of the driver’s age. Physiology and Behaviour, 80, 515-524. 
17. Cerezuela, G.P., Tejero, P., Choliz, M., Chisvert, M., & Monteagudo, M.J. (2004). 
Wertheim’s hypothesis on highway hypnosis: empirical evidence from a study on motorway 
and conventional road driving. Accident Analysis and Prevention, 36, 1045-1054  
18. Verwey, W. B., & Zaidel, D. M. (1999). Preventing drowsiness accidents by an alertness 
maintenance device. Accident Analysis and Prevention, 31, 199-211. 
19. Wertheim, A.H. (1991). Highway hypnosis: A theoretical analysis. In A.G. Fale, I.D., 
Brown, C.M. Haslegrave., I. Moorhead, & S. Taylor (Eds.), Vision in vehicles – IIII (pp. 467-
472). Amsterdam: Elsevier.  
20. Soames-Job, R.F., & Dalziel, J. (2001). Defining fatigue as a condition of the organism and 
distinguishing it from habituation, adaptation, and boredom. In P. Hancock & P. Desmond 
(Ed.), Stress, workload, and fatigue (Volume in the Human Factors in Transportation Series)  
21. Baker, R.A. (1966). The relationship between vigilance and monotonous work. Ergonomics, 
9(2), 109-114. 
22. Hartley, L., Horberry, T., Mabbott, N., & Krueger, G.P. (2000). Review of fatigue detection 
and prediction technologies. Working paper, National Road Transport Commission. 
23. Cooper, R., & Shallice, T. (2001). Contention scheduling and the control of routine activities. 
Cognitive Neuropsychology, 17, 297-338. 
24. Norman, D.A., & Shallice, T.  (1985). Attention to action: Willed and automatic control of 
behaviour.  In R.J. Davidson, G.E. Schwartz and D. Shapiro (Eds.). Consciousness and Self-
Regulation: Advances in Research (Vol 4.).  New York: Plenum Press. 
25. Shallice, T. (1988). From neuropsychology to mental structure. Cambridge: Cambridge 
University Press. 
 - 17 - 
 
26. Smit, A.S., Eling, P.A.T.M., & Coenen, A.M.L. (2004). Mental effort causes vigilance 
decrease due to resource depletion. Acta Psychologica, 115, 35-42. 
27. Robertson, I.H., Manly, T., Andrade, J., Baddeley, B.T., & Yiend, J. (1997). ‘Oops!’: 
Performance correlates of everyday attentional failures in traumatic brain injured and normal 
subjects. Neuropsychologia, 35(6), 747-758. 
28. Matthews, G., & Davies, D.R. (2001). Individual differences in energetic arousal and 
sustained attention: a dual-task study. Personality and Individual Differences, 31(4), 575-
589. 
29. Manly, T., Robertson, I.H., Galloway, M., & Hawkins, K. (1999). The absent mind: further 
investigation of sustained attention to response. Neuropsychologia, 37, 661-670. 
30. Broadbent, D.E., Cooper, P.F., FitzGerald, P., & Parkes, K.R. (1982). The Cognitive Failures 
Questionnaire (CFQ) and its correlates. British Journal of Clinical Psychology, 21, 1-16. 
31. Kerr, J.S. (1991). Driving without attention mode (DWAM): Formalisation of inattentive 
states in driving. In A.G. Gale, I.D. Brown, C.M. Haslegrave, I. Moorhead, & S. Taylor 
(Eds.), Vision in vehicles – III (pp.43-479). Amsterdam: Elsevier. 
32. Miura, T. (1986). Coping with situational demands: A study of eye movements and 
peripheral vision performance, In A.G. gale, I.D. Brown, C.M. Haselgrave, P. Smith, & S.H. 
Taylor (Eds.). Vision in vehicles-II. Amsterdam: Elsevier. 
33. Jahn, G., Oehme, A., Krems, J.F., & Gelau, C. (2005). Peripheral detection as a workload 
measure in driving: Effects of traffic complexity and route guidance system use in a driving 
study. Transportation Research Part F: Traffic Psychology and Behaviour, 8, 255-275. 
34. Verwey, W.B. (2000). On-line driver workload estimation. Effects of road situation and age 
on secondary task measures. Ergonomics, 43(2), 187-209. 
35. Pashler, H. (1994). Dual-task interference in simple tasks: Data and theory. Psychological 
Bulletin, 116(2), 220-244. 
36. Schneider, W., Eschman, A., & Zuccolotto, A. (2002). E-Prime user’s guide. Pittsburgh: 
Psychology Software Tolls Inc. 
